in the analysis could yet have been performed to assure the reader that the presented comparisons were sound.
Authors' response to: Mortality rates for same-sex married individuals compared with opposite-sex married individuals We appreciate the thoughtful comments by Malterud et al.
In the published paper, 1 numbers of deaths, particularly for some of the cause-specific deaths, were low in same-sex divorced or widowed persons. For power reasons, we therefore combined categories of currently and formerly same-sex married persons while keeping heterosexually married, divorced and widowed persons as separate categories. Keeping this composition of the compared groups in mind, the published hazard ratios (HRs) provide valid estimates of the relative mortality in ever same-sex married vs currently opposite-sex married individuals. However, our HRs should not be incautiously interpreted as HRs for death associated with homosexuality per se. In addition to the uneven marital status composition of the compared categories, it should be recalled that there may well be other important differences with an impact on mortality between men and women who are, or were previously, in a same-sex marriage and the considerably larger groups of homosexual persons who never married a same-sex partner.
Supplementary analysis: HRs of death among subgroups of ever same-sex married persons Malterud et al. plausibly point out that the increased mortality seen in divorced and widowed compared with currently married individuals among heterosexual persons might also be seen when comparing divorced and widowed with currently same-sex married homosexual persons. To address this, we repeated the Cox proportional hazards regression analysis of our original article 1 to recalculate the HRs for overall mortality in our article's Table 2 and the HRs for cause-specific mortality in Table 4 , this time keeping same-sex married, divorced and widowed persons in separate categories. 
Opposite-sex married persons
Opposite-sex divorced persons 
Opposite-sex widowed persons 
Same-sex widowed persons 
Same-sex divorced persons 
NA, not applicable Hazard ratios among persons aged 18 years or older obtained in Cox proportional hazards regression models with age as the underlying time stratified for birth year and socioeconomic confounders (municipality, population density, educational level, and relative income two years before the actual year). As suggested, HRs for overall mortality were higher in divorced and widowed persons than in currently married persons, a finding that applied to both men and women and to persons in both opposite-sex and same-sex marriages (Table 1) . Our original report of increased cancer mortality in same-sex married women remained valid, even when restricting the comparison to currently samesex vs currently opposite-sex married women (HR ¼ 1.75; 95% confidence interval: 1.36-2.26). In both sexes, HRs for death from cardiovascular or respiratory tract diseases, suicide, AIDS and other causes were generally higher among same-sex divorced or widowed persons than among persons who were currently same-sex married.
Robustness analyses: impact of intra-couple correlations among same-sex married persons
Malterud et al. also raise the relevant question of how, if at all, intra-couple correlations between same-sex married individuals might have influenced our HRs for same-sex married individuals. They correctly point out that each same-sex married person has a close connection with at least one other individual in the analysis (i.e. the same-sex spouse). Theoretically, if two partners in a same-sex marriage are identical with respect to their risk of dying during follow-up, our originally published HR estimates 1 could have been non-trivially biased and would be associated with somewhat too narrow confidence intervals. To evaluate the possible impact of such intra-couple correlations, we recalculated the HRs for overall and cause-specific mortality, this time using data for only one person in each same-sex marriage. This reflects the unlikely, theoretical worst-case situation, in which all same-sex married couples exhibit perfect correlation with respect to mortality during follow-up.
Specifically, on the date of each couple's same-sex marriage, we randomly selected one of the partners for the study, while the other partner was censored. The selected partner was followed until death, end of follow-up or date of entry into a new same-sex marriage, at which date a new random selection would take place. The non-selected partner was censored on the date of the same-sex marriage, and NA, not applicable due to zero (AIDS mortality) or too few deaths (respiratory tract disease mortality).
Hazard ratios according to actual marital status among persons aged 18 years or older obtained in Cox proportional hazards regression models with age as the underlying time stratified for birth year and socioeconomic confounders (municipality, population density, educational level, and relative income two years before the actual year). this person was only allowed to enter follow-up on the day of entry in a new same-sex marriage, provided the person was randomly selected for follow-up in that new same-sex marriage. This strategy ensured that partners in a same-sex marriage were considered to be correlated for as long as they had not entered a new same-sex marriage with another person. To enable direct comparison with findings in our original, published analyses, for power reasons we combined the same-sex married, divorced and widowed persons in one category, again using opposite-sex married persons as the reference. To reduce the variance caused by the random selection of the same-sex married persons under observation, we repeated the random sampling procedure 20 times, with each analysis providing HR estimates for overall and cause-specific mortality, using the same data and identical methodology (Cox proportional hazards regression analysis) as in the original article. 1 As the resulting HR estimates in this robustness analysis, we used the exponentiated mean values of the 20 obtained log(HR) estimates for each outcome. The calculation of the variance for each HR was based on the knowledge that it is composed of the sum of the variance from each sampling and the variance between samplings. 2 Based on this variance, we calculated 95% confidence intervals for the resulting HRs. Subsequently, we addressed the same question regarding the possible impact of intra-couple correlation, this time using more directly comparable categories of same-sex and opposite sex married persons. Using the same method as in our paper, 1 in which both persons in a same-sex couple were kept under observation, we first calculated a new set of HRs for overall and cause-specific mortality, comparing same-sex married, divorced or widowed with opposite-sex married, divorced or widowed persons. To take possible intra-couple correlation in same-sex married couples into account, we next repeated the random selection procedure 20 times (as above) to follow only one partner in each samesex marriage, and calculated a new set of HRs using the combined category of opposite-sex married, divorced or widowed persons as reference. As seen in Table 2 , HR estimates for overall mortality and cause-specific mortality were largely unaffected by any possible correlation between partners in a same-sex marriage, regardless of the chosen reference category. However, as expected, HRs were lower in the set of analyses using the combined category of opposite-sex married, divorced and widowed persons than in the analyses using only opposite-sex married persons as reference, reflecting the higher background mortality in opposite-sex divorced and widowed than in currently opposite-sex married persons. Specifically, the increased cancer mortality (women only) and the markedly elevated suicide risk among currently or formerly same-sex married men and women were confirmed, although confidence intervals widened as a result of the fewer outcomes in each analysis. We greatly appreciate the comments by Malterud et al. These extra analyses provide population-based evidence that the well-established increased mortality associated with divorce and widowhood after heterosexual marriage applies to divorce and widowhood after homosexual marriage as well. Also, the finding of similar HR estimates, although with wider confidence intervals, after taking the possible correlation between partners in same-sex marriage into account, provides reassurance that the results of our original article remain valid. 1 Regardless of reference category, persons who are, or were previously, in a same-sex marriage had elevated overall mortality (notably among women) compared with persons who are, or were previously, in an opposite-sex marriage. Patterns of increased mortality from cancer (women only), suicide (both sexes) and AIDS (men only) among persons who are, or were previously, in a same-sex marriage, remained present.
